
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



—92— 
SOL UTION OF PROBLEM 89. {BEE PA GE 195, VOL. II.) 



BY G. W. HILL. 

Let x and be the coordinates of the lower sphere, x' and y' those of 
the upper, 6 and 0' the amounts of rotation, and <p the angle the line join- 
ing their centres makes with the horizon, and for brevity put h = R -J- r. 

The expression for the living force is 

T - ™V^ 4- ? R* dd2 ~\ 4- m T^ 4- $£ 4- ^^1 
2|_di 2 6 eft 2 J ^TLd< 2 d* 2 5 d^J' 

and the potential is Q = — m'gy'. 

According to the frictional conditions, the variables x, x', y', and 6' 

satisfy the following equations, 

Rd — x = 0, "| 

rd' + x + Titan- 1 -/ — = 0, 

V l( X > _ X f + y>*] —h=0.J 

With Lagrange's method of multipliers, if we denote these equations re- 
spectively by L = 0, M = 0, N = 0, and the multipliers of their differ- 
entials by A, n, v, and take £ to represent any one of the 5 variables x, x', 
y', 6 } 0', the general differential equation of the problem is 
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Applying this in succession to each of the 5 variables and writing for sim- 
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= — /z sin f ■+• v cos f , 

m'g + /z cos ^ + v sin f>, 
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= fJT. 

Adding the first and second of (2) 
d 2 (mx + mix') 
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The two first of (1) and the two last of (2) give 

, 2 ryd^d 2 dP-X 

Substituting these values for 1 and // in the last equation, 

dHmx + m'x') 2/ . Ad 2 a; 2 ., d?<p fo . 

Integrating once and eliminating x' 

K m+m, )S +m ' A (l- sin? ')S = ' 

where the constant is zero because the spheres are supposed to set out to- 
gether from a state of rest. As dtp ■— dt, in general, is negative, (<p can al- 
ways be supposed in the first quadrant), it is evident from this equation, 
that if sin if > §• , the lower sphere will move horizontally towards the side 
on which the upper sphere is; but if sin <p < §-, in the opposite direction. 

Integrating (3) twice 

(7m + 2m')x -f 5m'x' -\- 2m'hp = a constant. 

Eliminating x and <p from this by substituting their values in terms of x' 
and y', we get as the equation of the path of the centre of the upper sphere 

7 (m + ml \ Vx' — |/(A 2 — y ,T )\ + m! Vlh sin -ij£ + 5 ^/{h 2 — y n )~\ 

= a constant. 
As v denotes the pressure of the upper on lower sphere, the spheres will 
separate when v = 0. Now if we eliminate [i between the second and third 
of (2), we see that v = is equivalent to 

And if we eliminate x' and y' from this by means of their values in terms 

of x and <p we get 

d?x . • i d<p* n 

By eliminating second derivatives this becomes 

49m \}g%~ Sln '] + 10m/(1 + dn *>" \}% ~ = °' 
which, by substituting the value of d<p 2 s-dfi, becomes 

70(m + m [49m + 10m' -J- 20m' sin y> -f- 10m' sin 2 f>] [sin /9 — sin y> ] 

— [10m' + (49m + 20m') sin <p + 10m' sin 2 y>] [49m + 45m' -f 20m'sin <p 

— 25m' sin 2 ^] = 0. 



